The hair shaft is consisting inward to outward of medulla, cortex and hair cuticle. The hair follicle is composed of the dermal hair papilla, the hair matrix, the hair shaft, the inner hear sheath and the outer hair sheath (Velazquez EF and Murphy GF, 2009) .
Introduction
Hair is a specialized adnexal microorgan of the skin.
The root of the hair is embedded in the dermis, while the hair shaft extrudes from the skin surface ( Fig. 1. vertical section). Hair repeatedly goes through 3 stages, a regression stage (catagen), a rest stage (telogen) and a growing stage (anagen). This hair cycle is regulated by several JSJWS Papers in Press. Accepted on February 16,2012. J-STAGE Advance published on February 28, 2012.
Abstract:
We analyzed hair lipids focusing on sphingolipids of murine hair. Murine hair contains ceramides (Cer), glucosylceramides (GlcCer) and sphingomyelins (SM). Composition and structure of murine hair sphingolipids are different from those of epidermal sphingolipids. Cer of murine hair has little acylCer, which is a key molecule of the epidermal barrier, and a small amount of Cer with -hydroxy acids ( OH) which are rich in the epidermis. The major molecule of murine hair Cer was C20:0/d18:0. Both whole hairs (including follicles) and hair shafts have GlcCer but little or no acylGlcCer. The major FA of hair GlcCer were C18 molecules. GlcCer carrying long chain OHFA (chain length more than 20) were detected in whole hairs, whereas these OHGlcCer were rarely in the shaft. Whole hairs have SM, but hair shafts have little SM, indicating that SM is a component of hair follicular cells in the wild mice.
The major FA of hair SM were C16:0, C18:0, C24:0 and C16 h:0. In hairs, the metabolic pathways and functions of Cer, GlcCer and SM may be different from each other.
Keywords: hair follicle, hair shaft, epidermis, sebum, ceramide, glucosylceramide, sphingomyelin, lysenin according to Robson et al. 1994 and Motta et al. 1993 : Cer 1 (EOS), esterifi ed -hydroxy ( OH) fatty acid (FA) with sphingosine; Cer 2 (NS), non-OH (nOH) FA with sphingosine; Cer 3 (NP), nOHFA with phytosphingosine; Cer 4 (EOH), esterifi ed OHFA with 6-OH-4-sphingenine; Cer 5 (AS), -OH ( OH) FA with sphingenine; Cer 6 (AP), OHFA with phytosphigosine; Cer 7 (AH), OHFA with 6-OH-4-sphingenine; Cer 8 (NH), nOHFA with 6-OH-4-sphingenine; Cer 9 (EOP), esterifi ed OHFA with phytosphingosine. Cer 10 (ND) as nOHFA with dihydrosphingosine (sphinganine) and AD as OHFA with dihydrosphingosine are defi ned in this report. pathways and transcription factors in a coordinated manner (Fuchs 2007) . In the process which controls hair cycling, lipids and lipid metabolizing enzymes also play important roles (Zheng et al. 1999; Westerberg et al. 2004; Cordeddu et al. 2009; Yamamoto et al. 2011) . It is noteworthy that aberrant glucosylceramide (GlcCer) synthesis may induce severe alopecia in murine skin (Maier et al. 2011) .
Hair lipids reportedly consist of cholesterol (CH), fatty acids (FA), ceramides (Cer), phospholipids, cholesterol sulfate (CS) and GlcCer, which are designated endogeneous lipids, intrinsic lipids, internal lipids or integral lipids (Singh and Gershbein 1967; Wix et al. 1987; Wertz and Downing 1989; Masukawa et al. 2005) , in contrast to the skin surface lipids, which originate from the sebum and are regarded as exogeneous lipids. Until now, only Cer has been analyzed in detail for hair sphingolipids. In the skin, Cer is concentrated in the stratum corneum (SC) (Uchida and Hamanaka, 2006) . SC Cer (Fig. 2) is an important component of the epidermal permeability barrier, and skin disease with barrier impairment was shown to have alterations of the SC Cer profi le (Elias and Menon 1991; Imokawa et al. 1991; Melnik et al. 1988; Yamamoto et al. 1991; Di Nardo et al. 1998; Motta et al. 1993 Motta et al. , 1994 Paige et al. 1994) . The precursors of SC Cer are GlcCer ( Fig. 3) (Hamanaka et al. 2002) and sphingomyelin (SM) ( Fig. 4) (Uchida et al. 2000) . Concurrently, the physiological relevance of epidermal sphingolipids for epidermal permeability barrier function was shown (Elias and Feingold 2001) . Nowadays, much attention in the cutaneous research fi eld has been towards sphingolipids.
However, there are few reports on the sphingolipids of the hair, although their participation in hair formation/ function/cycle is suggested. In this paper, we analyzed lipids of whole hairs (including hair follicles) as well as hair shafts. We report here that there are Cer, GlcCer and SM in murine hair. Furthermore, the localization of these sphingolipids is different in hairs suggesting that their metabolism and functions are different from each other. 
Preparation of murine epidermal and hair samples
All procedures involving animals were reviewed and approved by the RIKEN Institute in Japan. C57BL/6J mice were purchased from Japan SLC Inc. (Shizuoka, Japan). Six-to 24-week-old animals were used in this study. Murine epidermal sheets were obtained by incubation in a phosphate-buffered saline (PBS) solution containing 2 mg/ml collagenase at 37 °C for 6 h. Hair (Uchida and Hamanaka, 2006.) specimen were obtained from the murine back. Hair shafts were obtained by cutting the hairs just above the skin surface, and whole hair specimen including hair follicles were obtained by plucking. When plucking, hair bulbs were usually shown to tear off conically surrounding dermal papilla and split between the innermost cell layer and the outermost cell layer of the outer root sheath.
Dermal element inclusion was very sparse (Bassukas and
Hornstein, 1989).
Lipid extraction and purifi cation
Murine hair specimens were repeatedly washed with distilled water. After removal of the sebum with ethanol, hair lipids were extracted with chloroform/methanol 2:1 (v/v), 1:1 and 1:2, and then these extracts were combined (Folch et al. 1957) . Epidermal lipids were prepared with the same serial extraction using a chloroform/methanol mixture. Hair and epidermal lipid fractions were purifi ed by DEAE-Sephadex A-25 following a silica gel chromatography respectively, as previously reported (Hamanaka et al. 2002) . For purifi cation of GlcCer and SM, we used an Iatrobeads 6RS-8060 (Mitsubishi Kagaku Iatron Inc. Japan) column instead of Unisil, as formally used in the previous study. From the Iatrobeads column, Cer and GlcCer were eluted with chloroform/methanol 9:1, and SM was eluted with chloroform/methanol 2:1, 1:1 and 1:2.
Thin-layer chromatography (TLC)
The total and individual lipids were separated by highperformance thin-layer chromatography (HPTLC, Merck, Darmstadt, Germany). We used the 10 cm x 10 cm plates. Total lipids were separated with fi rst n-hexane to the top, second benzene to the top, third chloroform/ methanol/ water (95:20:1) to 3cm, and fi nally n-hexane/ diethyl ether/acetic acid (80:20:10) to 7 cm. Cer species were separated, as previously described (Uchida et al, 2000) . Lipids were visualized after treatment with cupric acetate-phosphoric acid, and heated to 180 °C for 60 min.
GlcCer were separated with chloroform/methanol/water 40:12:1 and visualized with orcinol reagent followed by heating at 110 °C for 15min. SM were separated with chloroform/methanol/acetic acid/water 50:30:8:4 and visualized with Dittemer reagent or cupric acetate-phosphoric acid. In order to confi rm the SM, we employed a lysenin and anti-lysenin immunostaining system (Yamaji et al. 1998 ). Lysenin specifi cally binds to SM (Kiyokawa et al. 2005) . In brief, TLC plate was immersed in PBS containing lysenin and 1% egg albumin (Seikagakukogyo CO. LTD, Tokyo, Japan) in PBS at 37 °C for 2 h, followed by rabbit anti-lysenin antiserum (Peptide Institute Inc.
Osaka, Japan) and then horseradish peroxidase (HRP) conjugated goat IgG fraction to rabbit immunogloblins (ICN/CAPPEL, Irvine, CA). HRP-conjugated antibody activity was detected using a high sensitivity kit (Chemi-Lumi One Super, Nakarai, Tokyo, Japan), according to the manufacturer's protocol. The quantity of each lipid separated by TLC was determined by LAS3000 spectrometry (FUJIFILM, Japan).
Alkali treatment
Cer fractions from epidermis, whole hair and hair shafts were treated in 1 ml of chloroform-methanol-10N NaOH 2:7:1, at 40 °C for 1 h (Hamanaka et al. 1989) .
After being neutralized with 2N HCl, 1.2 ml of chloroform and 0.4 ml of water were added, and then the lower phase was washed twice with the theoretical upper phase. The lower phase lipids were analyzed by TLC.
TLC blotting using polyvinylidine difl uoride membrane (Far-eastern blotting)
The individual lipid separated by TLC was transferred to the polyvinylidine difl uoride (PVDF) membrane using TLC thermal blotter (ATTO Co. Ltd., Japan) (Ishikawa and Taki, 2000) . The PVDF membrane to which the lipid was transferred, was cut out, and the isolated lipid was extracted from the membrane.
Gas liquid-chromatography (GLC)
Purifi ed lipid fractions were subjected to methanolysis with 5% hydrogen chloride in methanol at 80 °C for 2 h.
The reaction mixture was washed twice with 100 l of hexane to extract methyl esters of FA, and the resulting FA metylesters were silylated as trimethylsililated derivatives with trimetylchorosilane (Pierce, Rockford, IL) at 80 °C for 30 min. The methanol layer was dried and then converted to the trimethylsililated carbohydrate derivative.
The sphingosine bases were also prepared and were converted to their corresponding trimethylsililated derivatives as reported previously (Hamanaka et al. 2002) . The derivatives of FA, carbohydrate and sphingosine 
RESULTS AND DISCUSSION

Lipid compositions of murine epidermis and pilosebaceous system
Skin surface lipids or sebum in mice were comprised of sterol esters (SE), wax esters (WE), triglycerides (TG), FA, CH, Cer, GlcCer, CS and phospholipids (PC/SM), the major constituents of which were SE, WE, FA and CH, as previously reported (Nikkari et al. 1969) (Fig. 5 . Table 1 ). We also detected signifi cant amounts of Cer.
Epidermal lipid composition was almost the same as sebum, but more TG and less CH. The major lipids of murine hair (regarded as the endogeneous lipids) were non-hydroxy (nOH) FA, CH and Cer. Compared to sebum (regarded as the exogeneous hair lipids), hair contained more contents of CH, OHFA and Cer, and less of SE, WE and nOHFA.
There did not seem to be much difference in the lipid composition between just the hair shaft and a whole hair (hair including follicles). It should be noted that hair Cer content was higher than those of epidermis and sebum.
Cer in murine epidermis and hairs
Epidermal Cer are essentially SC Cer (Robson et al. 1994 ), which are separated from 1 to 7 by TLC ( Fig. 6 , Table 2 ). Murine hair Cer (mH Cer) were considerable different from those of SC Cer. By TLC, mH Cer were separated into 5 bands. Two strong bands were designated as A and B, and both moieties comprised more than 90% of mH Cer (Table 3) . Three weak bands mH C, D and E were also detected. In contrast to SC, alkali-labile Cer 1 and 4 were not evident in mH Cer, suggesting that mH Cer likely contained trace level of acylCer. The major molecules of mH Cer A were C18:0/d18:0, C20:0/ d18:0 ( Fig. 7) and C22:0/d18:0 (correspondence to SC Cer 10), and C24:0/d18:1 (correspondence to SC Cer 2) by LC/MS analyses. Cer B contained the same molecules but the content of C24:0/d18:1 was very small. Cer C contained a series of high molecular weight moieties which range from 927 to 1025, but their structures could not be determined because of their low contents. Cer D contained molecules composed of -hydroxy ( OH) FA and dihidrosphingosine, the structures of which were C22 h:0/d18:0 and C24 h:0/d18:0. No SC Cer which corresponds to Cer D has been reported in murine skin.
The structure of Cer E could not be determined because of their small amounts. We could not detect mH bands which corresponded to SC Cer 1 or 5.
GlcCer in murine epidermis and hairs
Carbohydrate analysis by GLC showed that murine epidermal sphingoglycolipids were GlcCer. GlcCer were comprised of 4 components (Fig. 8, Table 4 ). The most non-polar component was acylGlcCer (AGC), which was confirmed by LC/MS analysis ( -O-linoleoyl GlcCer) (Hamanaka et al. 1989 ). GlcCer were designated as GlcCer-1, GlcCer-2 and GlcCer-3. FA of GlcCer-1 and -2 were nOHFA, major molecules of which were C16:0 and C18:0 (Table 5 ). Epidermal GlcCer-3 contained OHFA, they were C20 h:0, C21 h:0, C22 h:0, C23 h:0, and C24 h:0. Fig. 8 shows murine hair has a little AGC. It is obvious that GlcCer of hair shafts is mostly GlcCer-1, although that of whole hairs was composed of 3 bands (GlcCer-1, -2, and -3). FA composition of hair GlcCer is shown in Table 6 . GlcCer-1 and -2 had nOHFA, the major molecules being C18:0, C18:2, C20:0 and C21:0.
GlcCer-1 of whole hairs contained relatively large amounts of C22:2 FA which was confi rmed by LC/MS analysis, because this molecule is rare in other organs.
The major FA of GlcCer-3 in hairs was OHFA. They were C22 h:0 and C24 h:0, C25 h:0, and C26 h:0.
The FA composition of murine hair GlcCer was unique because of the high content of linoleic acid (C18:2) and its metabolite C20:4. It is noteworthy that C20:0 FA was a major FA of the whole hairs but a minor FA of hair shafts and was not detected in epidermis. Presumably, GlcCer carrying C20:0 FA is concentrated in hair follicles.
The sphingosine molecule of GlcCer in the epidermis, whole hairs and hair shafts was d18:1. From the above data, we can speculate that hair follicles biosynthesize both nOHGlcCer and OHGlcCer, however, nOHGlcCer is selectively taken in the shafts. Table 1 ). 
SM in murine epidermis and hairs
In murine epidermis, three SM fractions were detected on the TLC (SM-1, SM-2 and SM-3). The major FA of SM-1 was C24:0, SM-2 was C16:0 and SM-3 was C16 h:0, as reported previously (Uchida et al. 2000) ( Table 5 ). As the SM content in hairs was very low, we could not detect them at first. Then, we loaded much more hair lipids on the TLC and analyzed them (Fig.   9A ). Fig. 9A shows clearly there was SM in whole hairs, but for hair shafts it was unclear. In order to confi rm SM in hairs, we analyzed them by TLC immunostaining using lysenin. Lysenin immunostaining revealed that there was SM in whole hairs but faint SM in hair shafts (Fig. 9B) .
These results suggest that murine hair SM exits in hair follicular cells. The major FA in hairs were C16:0 and 6 . Cer of murine epidermis, whole hair and hair shaft. STD: standards (see Table 1 ). Lane 1: whole hair Cer after alkaline hydrolysis. Lane 2: hair shaft Cer after alkaline hydrolysis. Lane 3: epidermal Cer after alkaline hydrolysis. Note that SC Cer 1 and AGC (acylglucosylceramide) in epidermis were hydrolyzed by alkaline treatment but there were no changes in whole hair and hair shaft Cer.
C18:0 in SM-1/2 (SM-1 and -2 were not clearly split), and C18:0 and C16 h:0 in SM-3 (Table 6 ). Sphingosine of SM of the hair was d18:1.
From biochemical analyses, we can conclude that SM exists in hair follicles and scarcely in hair shafts, while
GlcCer exists both in the follicles and shafts.
Here we demonstrated that Cer, GlcCer and SM are major sphingolipids of hairs as well as epidermis ( Figure   10 ). Interestingly, the structures and compositions of hair sphingolipids are different from those of the epidermis.
Moreover, a unique distribution of hair sphingolipids AGC is hardly detectable in hairs, supporting a notion that matrix cells are immature cells since AGC is synthesized by differentiated keratinocytes (Hamanaka et al. 1990 ).
The hair follicle bulge contains stem cells. SM was clearly detected in follicles but faintly in hair shafts. 
